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'LIIHUHQW PHWKRGV RI WUDS SDUDPHWHU PHDVXUHPHQW DUH DQDO\VHG 7UDQVLHQW
SKRWRFRQGXFWLYLW\DQG WKHUPDOO\VWLPXODWHGHIIHFWVZHUHXVHG WR LQYHVWLJDWH WKH
LQIOXHQFH RI WUDSV LQ /(& 6,*D$V DQG KLJK UHVLVWLYLW\ HSLWD[LDO *D$V 7KH
SHFXOLDULWLHVRIWKH76&ZHUHDQDO\VHGDQGVKRZQWREHUHODWHGWRWKHLQIOXHQFH
RIFU\VWDOPLFURLQKRPRJHQHLWLHV
,QWURGXFWLRQ
,QYHVWLJDWLRQV RI GHHS FHQWUHV LQ
VHPLFRQGXFWRUV SXUVXH D QXPEHU RI GLIIHUHQW
JRDOV  WKH XQGHUVWDQGLQJ RI QRQHTXLOLEULXP
FDUULHU OLIHWLPH DQG UHVSRQVH WR FDUULHU
FRQFHQWUDWLRQ WUDQVLHQWV DUH LPSRUWDQW IRU
GHILQLWLRQ RI GHYLFH SDUDPHWHUV DQG RSHUDWLQJ
UHJLPHVWKHFKDUDFWHULVWLFSDUDPHWHUVRIGHHS
OHYHOV FRQWDLQ LQIRUPDWLRQ DERXW WKH QDWXUH RI
GHIHFWV DQG FDQ EH XVHG LQ UHJXODWLQJ PDWHULDO
DQG GHYLFH WHFKQRORJ\  WKH EHKDYLRXU RI
VHPLFRQGXFWRUV GXULQJ LQYHVWLJDWLRQ RI GHHS
OHYHOV FRQWDLQV LQIRUPDWLRQ DERXW WKH PDWHULDO
PLFURVWUXFWXUH 7KH ODVW RI WKHVH ZDV WKH PDLQ
IRFXV RI WKLV ZRUN ,Q JHQHUDO LW FUHDWHV D
SRVVLELOLW\ WR FRUUHFW D PRGHO RI PDWHULDO RU
GHYLFH 7KH WUDSV LQ 6,*D$V KDYH EHHQ
LQYHVWLJDWHG LQ PDQ\ SDSHUV > HWF@ EXW QRW
HQRXJK DWWHQWLRQKDVEHHQSDLG WR WKH LQIOXHQFH
RI LQKRPRJHQHLW\ ,Q WKLV ZRUN WKH DQDO\VLV RI
QRQHTXLOLEULXP SKHQRPHQD LQ VHPLLQVXODWLQJ
DQG KLJK UHVLVWLYLW\ *D$V FU\VWDOV LV VKRZQ WR
SURYLGH D PHWKRG IRU TXDOLWDWLYH HYDOXDWLRQ RI
PDWHULDOLQKRPRJHQHLW\
7KH PRVW SRSXODU PHWKRGV XVHG WR
LQYHVWLJDWHGHHSFHQWUHSDUDPHWHUVDUHUHODWHGWR
VWXGLHVRIQRQHTXLOLEULXPFRQGXFWLYLW\RUFHQWUH
ILOOLQJ,QWKLVZRUNZHUHYLHZVRPHSHFXOLDULWLHV
RI PHWKRGV EDVHG RQ RSWLFDOO\ H[FLWHG
SKRWRFRQGXFWLYLW\  QRQHTXLOLEULXP IUHH FDUULHU
FRQFHQWUDWLRQ WUDQVLHQW EHKDYLRXU DIWHU OLJKW
SXOVH H[FLWDWLRQ DQG  RU WKHUPDO VWLPXODWLRQ RI
FRQGXFWLYLW\ DQG WKHLU DSSOLFDWLRQ WR
LQYHVWLJDWLRQRI*D$V7KHVHSKHQRPHQDFDQEH
XVHG WR PHDVXUH WKH WUDS SDUDPHWHUV FDSWXUH
FURVVVHFWLRQ DFWLYDWLRQ HQHUJ\ DQG
FRQFHQWUDWLRQ RI HPSW\ WUDSV FDQ EH H[WUDFWHG
IURP 76& GDWD ZKLFK FDQ WKHQ EH XVHG WR
FDOFXODWHWKHOLIHWLPHIRUFDSWXUHLQWRWKHWUDSV
DQGWKHUHWUDSSLQJWLPH$FRPSDULVRQRIWKHVH
FDOFXODWHG SDUDPHWHUV DQG WKH QRQHTXLOLEULXP
FDUULHUFRQFHQWUDWLRQGHFD\WLPHDOORZVDGHHSHU
XQGHUVWDQGLQJ RI WKH QRQHTXLOLEULXP FDUULHU
EHKDYLRXUDIWHUDQ\W\SHRIH[FLWDWLRQ
7KH LQYHVWLJDWLRQ RI FRPSHQVDWHG *D$V
KDV VRPH GLIILFXOWLHV LI WKH FU\VWDO LV VHPL
LQVXODWLQJ RU RI YHU\ KLJK UHVLVWLYLW\ PDWHULDO
7KH PDLQ SUREOHPV ZKLFK LQ PDQ\ FDVHV DUH
QRWWDNHQLQWRDFFRXQWDUHUHODWHGWRWKHPLFUR
LQKRPRJHQHLWLHV LQ ZDIHUV 7KH LPSRUWDQFH RI
SDUWLFXODU 76& GHSHQGHQFLHV IRU FU\VWDO TXDOLW\
HYDOXDWLRQLVSRLQWHGRXW
([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQ
$ ,QYHVWLJDWLRQ RI WUDQVLHQW
SKRWRFRQGXFWLYLW\  QRQHTXLOLEULXP IUHH FDUULHU
FRQFHQWUDWLRQ WUDQVLHQW EHKDYLRXU DIWHU OLJKW
SXOVHH[FLWDWLRQ
7KLV LQYHVWLJDWLRQ ZDV SHUIRUPHG E\
PHDVXUHPHQW RI PLFURZDYH DEVRUSWLRQ RU
UHIUDFWLYH LQGH[ WUDQVLHQW EHKDYLRXU IROORZLQJ
H[FLWDWLRQ E\ D VKRUW OLJKW SXOVH 7KHVH
PHDVXUHPHQWV GHSHQG RQ WKH QRQHTXLOLEULXP
FDUULHU FRQFHQWUDWLRQ WLPH GHSHQGHQFH 7KH
LQLWLDO DQG ILQDO SDUWV RI WKLV GHSHQGHQFH DOORZ
WKH PHDVXUHPHQW RI WKH OLIHWLPH DQG WKH
HYDOXDWLRQ RI WKH LQIOXHQFH RI UHWUDSSLQJ >@
7KHLQLWLDOSDUWRIWKHFDUULHUFRQFHQWUDWLRQGHFD\
JLYHV LQIRUPDWLRQ DERXW FDUULHU OLIHWLPH ,W ZDV
PHDVXUHG E\ PHDQV RI WKH OLJKWLQGXFHG IUHH
FDUULHU JUDWLQJ PHWKRG >@ WKURXJK ZKLFK WKH
QRQHTXLOLEULXPIUHHFDUULHUFRQFHQWUDWLRQGHFD\
LV PHDVXUHG IURP WKH WLPH YDULDWLRQ RI WKH
GLIIUDFWLRQHIILFLHQF\K 'QaKRIDJUDWLQJ
H[FLWHGE\WKHLQWHUIHUHQFHRIOLJKWEHDPVIURPD
VKRUW OLJKW SXOVH DQG VDPSOHG E\ D GHOD\HG
IUDFWLRQ RI WKH VDPH EHDP ,W ZDV HVWDEOLVKHG
WKDW WKH OLIHWLPH RI FDUULHUV LQ /(& *D$V ZDV
DSSUR[LPDWHO\ r QV DQG LQ HSLWD[LDO
*D$V±rQV7KHLQWHQVLW\IRUWKHH[FLWDWLRQ
ZDV FKRVHQ LQ WKH UDQJH RI OLQHDU JHQHUDWLRQ RI
FDUULHUV WKDWDSSHDUV LQD WZRVWHSJHQHUDWLRQRI
IUHH FDUULHUV $W KLJKHU LQWHQVLWLHV VRPH
SHFXOLDULWLHV RI VDWXUDWLRQ DSSHDU WKDW ZLOO EH
DQDO\VHG HOVHZKHUH )LJ 7KH ILQDO VWDJHV RI
QRQHTXLOLEULXP FDUULHU GHFD\ GHPRQVWUDWH WKH
LQIOXHQFHRIFDUULHU UHWUDSSLQJ7KLVSDUWRI WKH
GHSHQGHQFH PHDVXUHG E\ D PLFURZDYH
DEVRUSWLRQ PHWKRG >@ UHYHDOV WKDW UHWUDSSLQJ
HIIHFWVLQW\SLFDOKLJKTXDOLW\/(&+LWDFKLDQG
KLJK UHVLVWLYLW\ HSLWD[LDO $L[WURQ *D$V FDXVH
WKHPRPHQWXPWLPHFRQVWDQWLQWKHPDLQSDUWRI
WKHGHFD\WREHRIWKHRUGHURIDIHZKXQGUHGVRI
QDQRVHFRQGV $ VORZHU FRPSRQHQW ZLWK WLPH
FRQVWDQW HTXDO WR VRPHPLFURVHFRQGVZDV DOVR
IRXQG WR H[HUW D VPDOO LQIOXHQFH )LJ
)LJ'HFD\RIGLIIUDFWLRQJUDWLQJHIILFLHQF\K
LQHSL*D$VDIWHUH[FLWDWLRQE\DVKRUWOLJKWSXOVH
7KHFURVVHVRSHQWULDQJOHVFORVHGDQGRSHQFLUFOHV
FRUUHVSRQG WR LQFUHDVLQJ LQWHQVLWLHV RI H[FLWDWLRQ
WKH FURVVHV WR WKH OLPLWLQJ LQWHQVLW\ IRU OLQHDU
JHQHUDWLRQ
)LJ )LQDO SDUW RI IUHH FDUULHU FRQFHQWUDWLRQ
'Qv8GHFD\DIWHUVKRUWOLJKWSXOVHH[FLWDWLRQ
%0RVWVLPSOHHYLGHQFHRIGHHSOHYHOVLV
REWDLQHGIURPWKHUPDOO\VWLPXODWHGHIIHFWV2QH
RI WKH ³ROGHVW´ PHWKRGV RI WKLV W\SH LV WKH
LQYHVWLJDWLRQ RI WKHUPDOO\ VWLPXODWHG
FRQGXFWLYLW\ 7KLV HIIHFW LV YHU\ VLPSOH IRU
KRPRJHQHRXV PDWHULDO ZLWK UDWKHU VLPSOH WUDS
VSHFWUD7KHQOHYHOSDUDPHWHUVVXFKDVDFWLYDWLRQ
HQHUJ\ FDUULHU FDSWXUH FURVVVHFWLRQ DQG
FRQFHQWUDWLRQ FDQ EH GHWHUPLQHG 7KH FDVH RI
KLJKUHVLVWLYLW\*D$VLVPRUHFRPSOLFDWHGWKDQD
³FODVVLFDO´ VHPLFRQGXFWRU ZLWK WUDSV DQG LW
UHTXLUHV D YHU\ FDUHIXO DQG GHWDLOHG DQDO\VLV RI
76&VSHFWUD
,Q FRQWULEXWLRQV WR SUHYLRXV ZRUNVKRSV
>@ZH KDYH GHPRQVWUDWHG WKH SHFXOLDULWLHV RI
76& LQ*D$VGHWHFWRUV  ,WZDV VKRZQ WKDW WKH
PDLQGHYLDWLRQ IURP FODVVLFDO76& LV UHODWHG WR
WKHH[LVWHQFHRIFU\VWDOLQKRPRJHQHLWLHV)RUWKH
SUHVHQW PHDVXUHPHQWV WKH HSLWD[LDO OD\HU ZDV
JURZQ RQ WKLQQHG VWDQGDUG VHPLLQVXODWLQJ
VXEVWUDWH PDWHULDO DQG RKPLF FRQWDFWV ZHUH
GHSRVLWHG RQ WKH WRS RI WKH HSLOD\HU 7KH
DQDO\VLV RI FU\VWDOV IDEULFDWHG LQ WUDGLWLRQDO EDU
VKDSHV DSSUR[  PP ORQJ PP ZLGH
PPWKLFNVKRZHGEHKDYLRXUYHU\VLPLODUWR
WKH6FKRWWN\GHWHFWRUVEXWWKLVVDPSOHJHRPHWU\
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DOORZHG D  PRUH VWUDLJKWIRUZDUG DQDO\VLV RI
UHVXOWV6RPHDVSHFWVRIWKH76&PHDVXUHPHQWV
KRZHYHU DSSHDU WR H[KLELW D UHVLGXDO LQIOXHQFH
RI SRODULVDWLRQ RI WKH VXEVWUDWH LQ WKH
PHDVXUHPHQWV ,W ZDV DVVXPHG WKDW UHWUDSSLQJ
LV YHU\ VPDOO ,Q WKLV FDVH LW LV UDWKHU HDV\ WR
VLPXODWH 76& VSHFWUD LI WKH DFWLYDWLRQ HQHUJLHV
DUH GHWHUPLQHG >@ $FWLYDWLRQ HQHUJLHV ZHUH
PHDVXUHG E\ 76& XVLQJ WKH PXOWLSOH KHDWLQJ
F\FOH PHWKRG 7KH LQLWLDO SDUW RI WKH 76& ZDV
FRUUHFWHG WRDFKLHYHDQ H[SRQHQWLDO GHSHQGHQFH
E\FRPSHQVDWLRQRISRODULVDWLRQLQGXFHGFXUUHQW
7KH FRLQFLGHQFH RI H[SHULPHQWDO DQG VLPXODWHG
76&DOORZVWKHHVWLPDWLRQRIWKHWUDSSLQJFHQWUH
SDUDPHWHUV ([DPSOHV DUH JLYHQ LQ )LJ DQG
7DEOH  7KH VLPXODWLRQ RI PXOWLSOH KHDWLQJ
76&ZLWK WKHVH SDUDPHWHUV GRHV QRW JLYH VXFK
JRRG DJUHHPHQW EHWZHHQ H[SHULPHQWDO DQG
VLPXODWLRQ UHVXOWV 7KLV GLVDJUHHPHQW DSSHDUV
GXH WR WKH GLIILFXOW\ RI H[FOXGLQJ WKH LQIOXHQFH
RI FU\VWDO LQKRPRJHQHLW\ 3DUDGR[LFDOO\ EHWWHU
FRUUHVSRQGHQFH RI H[SHULPHQWDO DQG VLPXODWLRQ
UHVXOWV ZDV DFKLHYHG LQ KLJKO\ LUUDGLDWHG
VDPSOHV 7KLV FRXOG EH H[SODLQHG RQ WKH EDVLV
WKDW LUUDGLDWLRQ GHIHFWV FUHDWH RQ DYHUDJH PRUH
KRPRJHQHRXVPHGLD
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)LJ76&DIWHUVKRUWSXOVHH[FLWDWLRQLQKLJKUHVLVWLYLW\HSLWD[LDO*D$VD±KHDWLQJDIWHUVKRUWSXOVHH[FLWDWLRQE±76&LQ
PXOWLSOHKHDWLQJUHJLPH3RLQWV±H[SHULPHQWOLQHV±VLPXODWLRQ
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$GGLWLRQDO LQGLUHFW HYLGHQFH RI WKH
H[LVWHQFH RI D GULIW EDUULHU IROORZV IURP WKH
FRPSDULVRQRITXDQWLWDWLYHGDWDRQWKHPHDVXUHG
OLIHWLPH DQG WKH WLPH FRQVWDQW FDOFXODWHG IURP
76&GDWD7KHFDOFXODWHGYDOXHVDUHWRRVPDOOLQ
FRPSDULVRQZLWKH[SHULPHQWDOGDWD7KLVFDQEH
H[SODLQHGDVDGULIWEDUULHULQIOXHQFHWKDWUHGXFHV
WKH DEVROXWH YDOXH RI 76& ,W JLYHV D WUDS
FRQFHQWUDWLRQ ZKLFK LV VPDOOHU WKDQ WKH WUXH
YDOXHDQGLQFUHDVHVWKHPDJQLWXGHRIWKHFDSWXUH
WLPHFRQVWDQW $VKRUWFDUULHU OLIHWLPHFDXVHV D
VPDOOHU YDOXH RI 76& LQ FRPSDULVRQ ZLWK WKH
YDOXH LI DOO FDUULHUV ZHUH H[WUDFWHG LQWR WKH
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)LJ([SHULPHQWDODQGFDOFXODWHG76&LQ/(&6,*D$V
FRQWDFWV 7KLV UHVXOWV LQ D FDSWXUH FURVVVHFWLRQ
ZKLFKLVVPDOOHUWKDQWKHWUXHYDOXH
7KH UDWKHU ODUJH QXPEHU RI 76&
FKDUDFWHULVWLF HQHUJLHV VXJJHVWV WKDW WKHVH
HQHUJLHV GR QRW DOZD\V FRUUHVSRQG WR GLIIHUHQW
GHHS FHQWUHV 'XH WR WKH H[LVWHQFH RI PLFUR
LQKRPRJHQHLWLHV WKHPHDVXUHGDFWLYDWLRQHQHUJ\
LQFOXGHV WKH WUDS LRQLVDWLRQ HQHUJ\ DQG EDUULHU
KHLJKW LI WKLV EDUULHU VXUURXQGV WKH WUDS
7KHUPDOO\ JHQHUDWHG IUHH FDUULHUV FDQ FKDQJH
WKHVH GULIW EDUULHUV 7KHQ DIWHU WKH QH[W KHDWLQJ
F\FOHWKHDFWLYDWLRQHQHUJ\ZLOOEHGLIIHUHQWIURP
WKHSUHYLRXVPHDVXUHPHQW
0RGXODWLRQ RI WKH ORFDO HOHFWULF ILHOG
SRODULVDWLRQ RI WKH VDPSOH DQG EDUULHU FUHDWLRQ
DUH LOOXVWUDWHG E\ 76& PHDVXUHPHQWV ZLWK
GLIIHUHQW H[FLWDWLRQ FRQGLWLRQV )LJ ,I WKH
XQELDVHGVDPSOHZDVH[FLWHGE\H9OLJKW
IRU V DQG DIWHU H[FLWDWLRQ LW ZDV NHSW IRU 
PLQXWHVLQWKHGDUNWKHQWKH76&VKRZVRQO\D
IHZFOHDUO\SURQRXQFHGSHDNV)LJFXUYH,I
WKH VDPHPHDVXUHPHQWZDV SHUIRUPHGZLWK WKH
VDPSOH ELDVHG WKHQ WKH ORZ WHPSHUDWXUH SDUW
EHFDPH VPRRWKHU DQG WKH GLIIHUHQW WUDS
DFWLYDWLRQ UHJLRQV ZHUH GLIILFXOW WR VHSDUDWH
)LJFXUYH
)LJ7HPSHUDWXUHGHSHQGHQFHRID76&DQGEWKHUPDOGHSRODULVDWLRQVKRUWFLUFXLWFXUUHQWLQ/(&6,
*D$V6FKVDPSOHDIWHUGLIIHUHQWH[FLWDWLRQUHJLPHV±H[FLWDWLRQIRUVQRELDVPLQLQGDUN±
VELDVRQV±VELDVRQPLQ±VQRELDVPLQUHVSHFWLYHO\
7KLVPD\EHH[SODLQHGLQWHUPVRIWKHLQIOXHQFH
RI GULIW EDUULHUV LQ VHSDUDWLQJ WKHUPDOO\ LRQLVHG
FDUULHUV GXH WR SHUFRODWLRQ IURP UHFRPELQDWLRQ
FHQWUHVE\DSRWHQWLDOEDUULHUWKDWVXSSUHVVHVWKH
UHFRPELQDWLRQ RI FDUULHUV  )XUWKHUPRUH
UHSHDWLQJWKHVDPHPHDVXUHPHQWEXWNHHSLQJWKH
VDPSOHLQWKHGDUNIRUDVKRUWHUWLPHRQO\V
VKRZHGWKDWDWORZWHPSHUDWXUHWKHVDPSOHZDV
SRODULVHG 7KH 76& IORZHG LQ WKH RSSRVLWH
GLUHFWLRQ DQG WKH ³QRUPDO´ 76& DSSHDUHG RQO\
LQ WKH UHJLRQ7t .$ FRLQFLGHQFH RI WKH
76& FXUUHQW LQ WKLV UHJLRQZLWK WKH 76& LQ DQ
XQELDVHG VDPSOH VXJJHVWV WKDW WKH PLQLPXP DW
7  . RQ FXUYH  LV DOVR UHODWHG ZLWK
SRODULVDWLRQRI WKHVDPSOH ,I WKHH[FLWDWLRQZDV
ORQJ WKHQ WKH (/ FHQWUHV ZHUH EOHDFKHG WKH
VDPSOH FKDQJHG FRQGXFWLYLW\ WR SW\SH DQG WKLV
FDXVHGDVLJQLILFDQWFKDQJHRI76&EHKDYLRXUDW
ORZWHPSHUDWXUH
6XFK D FRPSOLFDWHG EHKDYLRXU RI GULIW
EDUULHUV ZDV DOVR VHHQ LQ PHDVXUHPHQWV RI
WKHUPDOO\ VWLPXODWHG GHSRODULVDWLRQ 76'
)LJE 9DU\LQJ WKH H[FLWDWLRQ GXUDWLRQ
SURGXFHV GLIIHUHQW PRGXODWLRQ RI  WKH HOHFWULF
ILHOG LQ WKH VDPSOH DQG WKHUPDOO\ DFWLYDWHG
FDUULHUV UHFKDUJH WKH VDPSOH LQ WKH VKRUW FLUFXLW
UHJLPHGHSHQGLQJRQWKHSRODULVDWLRQSRODULW\DW
D FHUWDLQ WHPSHUDWXUH 'LIIHUHQW VLJQV RI 76'
PD[LPDVKRZWKDWWKHUHDUHYDULRXVEDUULHUW\SHV
LQWKHEXONRIDVDPSOHDQGWKHUHLVDQRYHUODSRI
WKH GHSRODULVDWLRQ FXUYH ZLWK WKH WKHUPRSRZHU
HIIHFWDWKLJKWHPSHUDWXUH7KLVFRXOGLQIOXHQFH
WKH GHSRODULVDWLRQ FXUUHQW DW ORZHU WHPSHUDWXUH
WRR EXW WR VHSDUDWH WKHVH HIIHFWV LV UDWKHU
GLIILFXOW
)URP WKH DQDO\VLV RI GLIIHUHQW W\SHV RI
6,*D$V LW LVSRVVLEOH WRHVWDEOLVK WKH LQIOXHQFH
RI LQKRPRJHQHLWLHV UHODWHG WR GULIW EDUULHUV DQG
WR WU\ WR VHSDUDWH WKH ³UHDO´ DQG ³HIIHFWLYH´
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FDSWXUH FHQWUHV IURP 76& VSHFWUD $V DQ
LPSRUWDQW LQIRUPDWLYH GHWDLO RI 76& ZH VHH D
PRQRWRQLF FKDQJH RI GHSHQGHQFH 7KH FKDQJH
FDQ EH UHODWHG WR WZR SURFHVVHV D D VWDQGDUG
SKHQRPHQRQ LQ 76& ± WKH HPSW\LQJ RI RQH
FHQWUHDQGWKHDSSHDUDQFHRIWKHUPDOVWLPXODWLRQ
RI D GHHSHU FHQWUH RU E WKHUPDO DFWLYDWLRQ RI
PLQRULW\ FDUULHUV WKDW FKDQJHV WKH OLIHWLPH DQG
WKHGULIWEDUULHU ,Q WKH ODWWHUFDVH LW LV SRVVLEOH
DV ZDV XVHG IRU SKRWRFRPSHQVDWLRQ RI 6,
*D$VLQ>@IRUDFKDQJHRI76&WRRFFXUGXH
WR UHVWRUDWLRQ RI (/ IURP (/ DQG
VXEVHTXHQW WUDQVIRUPDWLRQ RI (/ WR (/ E\
FDSWXUH RI D WKHUPDOO\ H[FLWHG IUHH KROH 7KH
PHDVXUHPHQWRIWKH76&DFWLYDWLRQHQHUJ\LQWKH
PXOWLSOH KHDWLQJ UHJLPH LV D NH\ WR WKH
H[SODQDWLRQRI WKHQDWXUHRI WKH76&$FKDQJH
RIDFWLYDWLRQHQHUJ\LQWKHUHJLRQZKHUHRQHW\SH
RI  FHQWUH LV HPSW\LQJ LV FRQQHFWHGZLWK DGULIW
EDUULHU PRGXODWLRQ DQG OLIHWLPH FKDQJH GXH WR
UHFRPELQDWLRQ EDUULHU WHPSHUDWXUH DFWLYDWLRQ RU
WHPSHUDWXUH GHSHQGHQFH  RI WKH FDSWXUH FURVV
VHFWLRQ
7KH SURSRVHG DQDO\VLV RI WKH LQLWLDO SDUW
DQGDFWLYDWLRQHQHUJ\RIWKH76&WUDQVIRUPVWKLV
PHWKRG RI WUDS SDUDPHWHU PHDVXUHPHQW LQWR D
PHWKRG IRU WKH LGHQWLILFDWLRQ RI HOHFWULFDOO\
DFWLYH LQKRPRJHQHLWLHV 7KH FKDUDFWHULVDWLRQ RI
PDWHULDODFFRUGLQJ WR WKH LQKRPRJHQHLW\ W\SH LV
LPSRUWDQWIRUDQ\W\SHUDGLDWLRQGHWHFWRUDQGLWLV
D YHU\ VHQVLWLYH WRRO IRU HVWDEOLVKLQJ WKH
WKUHVKROGV RI GHJUDGDWLRQ HYHQWV LQ FU\VWDO DQG
GHWHFWRU
&RPSDULVRQ RI WKH GHWHFWRU DQG FU\VWDO
UHVXOWV SURYLGHV WKH SRVVLELOLW\ RI PRUH GHWDLO
WKDQ REWDLQDEOH E\ RWKHU PHWKRGV VXFK DV
DQDO\VLV RI QRQHTXLOLEULXP FXUUHQW SHUFRODWLRQ
DQGFKDUJHFROOHFWLRQDIWHUSXOVHH[FLWDWLRQ7KH
FOHDUO\ H[SUHVVHG LQIOXHQFH RI LQKRPRJHQHLWLHV
RQ FDUULHU SHUFRODWLRQ FXUUHQW JLYHV D
VXSSOHPHQWDU\PRGHO WRH[SODLQ WKHGHFUHDVHRI
OLIHWLPHLQWKHUHJLRQVRIKLJKHOHFWULFILHOG>@
,I (/ FHQWUHV DUH FRQFHQWUDWHG DURXQG WKH
GLVORFDWLRQV DQG D ORFDO VSDFH FKDUJH H[LVWV LQ
WKHVH UHJLRQV WKHQ WKH UHFRPELQDWLRQ WKURXJK
(/ FHQWUHV ZLOO EH PRUH HIILFLHQW LI HOHFWURQV
KDYHH[FHVVHQHUJ\ ,W VKRXOGEHQRWHG WKDW WKLV
ORFDO HOHFWULF FKDUJH FUHDWHV D ILHOG WKDW DWWUDFWV
KROHV WR EH FDSWXUHG E\ QHXWUDO (/ 7KLV
SURFHVV DOVR LQFUHDVHV WKH UHFRPELQDWLRQ
HIILFLHQF\ 7KH QDWXUH RI WKH LQWHUQDO HOHFWULF
ILHOG PRGXODWLRQ LV QRW \HW FOHDU EXW FU\VWDO
WHQVLRQ DQG FRPSUHVVLRQ DURXQG WKH GLVORFDWLRQ
LV D JRRG VWDUWLQJ SRLQW 5HODWHG HOHFWURRSWLFDO
HIIHFWV KDYH EHHQ REVHUYHG >@ DQG WKH
LQIOXHQFHRI WUDSVRQ WKH UHIUDFWLYH LQGH[ LQ WKH
RSWLFDO UHJLRQ KDV DOVR EHHQ LQYHVWLJDWHG >@
7KHSKRWRYROWDJHPD[LPXPDWORZWHPSHUDWXUH
>@ZDVREVHUYHGDWDVOLJKWO\KLJKHUWHPSHUDWXUH
WKDQ WKH W\SLFDO WHPSHUDWXUH DW ZKLFK WKH
PRGLILHG(/FHQWUHUHWXUQVWRDQRUPDOVWDWH,Q
WKH VDPH WHPSHUDWXUH UHJLRQ UHGLVWULEXWLRQ RI
WKHHOHFWULFILHOGLQKLJKTXDOLW\/(&FU\VWDOVKDV
EHHQREVHUYHG >@7KHVHGDWD VKRZ WKDW WKHVH
ORFDO ILHOG UHJLRQV FUHDWH LQKRPRJHQHLWLHV RI
FU\VWDO HOHFWULFDO SURSHUWLHV WKDW FDQ EH UHGXFHG
DIWHU KHDWLQJ WR DERYH . $V WKLV HOHFWULFDO
LQKRPRJHQHLW\ RI WKH PDWHULDO LV GHSHQGHQW RQ
QRQHTXLOLEULXPFDUULHUVLWLVLPSRUWDQWWRUHGXFH
LW LQ WKH PDWHULDO IRU UDGLDWLRQ GHWHFWRUV
HVSHFLDOO\ IRU WKRVH WKDW RSHUDWH EHORZ URRP
WHPSHUDWXUH
&RQFOXVLRQ
7KH LQYHVWLJDWLRQ RI WUDS VSHFWUD E\ WKHUPDOO\
VWLPXODWHG SKHQRPHQD UHYHDOV PLFUR
LQKRPRJHQHLWLHVLQ*D$VFU\VWDOVDQGGHWHFWRUV
7KH LQIOXHQFH RI WKHVH LQKRPRJHQHLWLHV RQ WKH
EHKDYLRXU RI VHPLLQVXODWLQJ /(& DQG KLJK
UHVLVWLYLW\ HSLWD[LDO *D$V GHWHFWRU LV VXSSRUWHG
E\ D FRPSDULVRQ RI PHDVXUHG QRQHTXLOLEULXP
FDUULHU FRQFHQWUDWLRQ GHFD\ WLPH FRQVWDQWV ZLWK
WKRVH FDOFXODWHG IURP WUDS SDUDPHWHUV
GHWHUPLQHGIURP76&
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\7KH5R\DO6RFLHW\
ORQJWHUP SURMHFW DQG D 9LOQLXV 8QLYHUVLW\
6FLHQFH)XQGJUDQW
5HIHUHQFHV
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